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SECTION  i 


INTRODUCTION 


Nissile  IF  and  Sycaacre  Static  Test  Stand  S-I  ve?e  destroyed  by  fire  and  a 
series  of  explosions  that  originated  in  the  thrust  section  during  Testy 
'-Sl-61'3-i4-01»on_13^Hay_.I062{  The  scheduled  engine  firing  durations  were  40 
seconds  boosters,  60  seconds  sustainer,  and  65  seconds  verniers.  Actual 
durations  irere  1.77  seconds  booster  No.  1,  5.4  seconds  booster  No.  2>  1.23 
seconds  sustainer,  and  zero  seccnds  for  the  vernier  engines. 

•The  incident  was  investigated^by  an '  Accident  Investigation  Board  coaposed  of 
aeabers  froa  the'USAF,  General  Dynaaics/Astronautics,  Boeketdyne,  Space 
Technology  Laboratories,  and  Acoustice  Asperates .•  y The  cause  and  effects  of 
the  explosion  were  deterained*  aiid  resedial  action  for  subsequent  aissiles 
was  established.  "* 


At  the  tiae  of  issuance  of  the  Uissile  IF  I-ny^tigation  Report  (AC>62-0031) 
several  investigative  efforts  initiated  by  General^^naaics/Astrohauiics  and 
Rocketdyne  were  not  coapleted.  It  is  the  purpose  oi  thisKsuppleaent  to  present 


y 

the  findings  of  these  investigations. 7 _ 

V'\ 

The  areas  under  investigation  by  General  Dynaaics/Astronautics  were  as  follows; 

1.  The  effects  of  sustainsr  engine  giaballing  and  inertial  loading  on 
internal  puap  clearances  with  the  GD/a  lox  pump  inlet  "Y**  duct 
attached  to  the  punp  houeisg.  This  investigation  was  initiated  by 
the  failure  of  Uissile  IIF  at  launch  on  9  April-  1962  and  was  expanded 
following  the  Missile  IF  explosion.  The  results  of  these  investi¬ 
gations  are  sununarized  in  Attacboent  1. 

2.  The  sustainer  engine  head  suppression  valve  opening  delay  variations 
observed  in  data  recorded  at  the  various  test  facilities  and  the 
differences  in  the  delay  between  Rocketdyre  data  and  GD/A  data.  The 
results  of  these  investigations  are  presented  in  Attachnent  2. 

3.  Tests  were  initiated  by  GD/a  to  investigate  the  damage  to  the  sus¬ 
tainer  engine  lox  pump  inlet  Raco  seal  from  Missile  IIF.  Missile  IIF 
was  unsuccessfully  launched  on  9  April  1962.  The  results  of  these 
tests  are  presented  in  Attachment  3  since  the  failures  of  Missiles 

IF  and  IIF  were  similar  in  that  a  sustainer  lox  pump  explosion 
occurred  in  each  case. 

Investigations  conducted  by  Rocketdyne  covered  many  areas.  The  published 
report  of  the  results  of  their  investigation  is  Investigation  of  Failure  of 
Atlas  Missile  IF  During  Static  Test  (Rocketdyne  Report  No.  R-3705)  dated  31 
August  1962. 
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SECTION  2 


S'UUUABY 


The  chronological  order  of  significant  erenta  follova  izaing  the  booster  engine 
start  signal  as  zero  titns.  Booster  ignition  start  was  norval.  The  sustainer 
ignition  start  signal  tss  properly  generated  at  0.55  seconds,  igqiting  the 
sustainer  solid  propellant  charge  and  energizing  a  aolenoid  Tal7e  in  the  hy¬ 
draulic  uanifold.  which  applied  opening  pressure  to  the  sustainer  iox  head 
suppression  (HS)  -sralve.  The  HS  val^e  position  indicator  showed  first  opening 
■oTement  at  0.67  seconds  which  was  120  ailliseconds  (US)  delay  froa  the  sus- 
iainer  ignition  start  signal.  The  HS  valre  opened  to  an  apparent  6  degree 
position  by  0.70  seconds.  Probably  the  valre  didn't  open  at  all  -  the  6  degrees 
could  resul't  JSraa  shaft  torsion  and  alack  in  the  7al7e  linkage.  The  HS  valve 
reaained  at  the  apparent  6  degrees  position  until  1.02  seconds  (470  US  delay) 
when  it  started  to  aove  towards  the  open  position.  Rosketdyne  found  that  delays 
over  430  US  will  always  cause  the  iox  ptssp  iapelier  to  rub  on  the  pnnp  ease 
wear  ring  cr  diverter  lip.  The  sustainer  iox  pnap  had  accelerated  to  its 
■axiaua  spin  charge  speed  hy  the  ti®£-  the  HS  valve  started  to  open  (after  the 
470  US  delay).  The  opening  of  the  HS  valve  allowed  Iox  to  start  flowing,  and 
with  the  punp  at  this  high  speed,  an  excessive  pressure  iabalance  in  the  Iox 
ptup  volute  resulted.  The  pressure  iabalance  on  the  Iox  iinpeller  caused  rubbing 
between  the  leading  edge  of  the  ixpellef  and  the  diverter  lip,  at  a  point,  just 
upstrean  radially  from  the  discharge  leg  (when  viewed  from  the  inlet  duet  of 
the  Iox  piunp).  Daring  this  period  the  sustainer  thrust  chaaber  ignition 
sequence  was  continuing  with  hypergoi  ignition  and  propellant  utilization  (PU) 
valve  aovenent. 

The  rubbing  of  the  aituninian  inpeller  and  cadmizna  plated  steel  diverter  lip 
caused  self  ignition  of  one  or  both  of  these  p^Iap  parts  (both  were  found 
burned).  Initial  indication  of  this  burning  was  probably  a  surge  in  the 
sustainer  Iox  piuap  inlet  pressure  starting  at  1.29  seconds.  The  surge  peaked 
at  about  80  psig,  dropped  to  60  psig,  then  went  off  scale  high  (over  200  psig) 
at  about  1.34  seconds  when  the  sustainer  Iox  puap  was  blown  apart.  The  HS 
valve  'had  opened  to  45®  by  the  time  of  the  expiosicn  (determined  by  examination 
of  valve).  Loi  pump  speed  was  8,200  RPU. 

The  explosion  and  fire  caused  engine  compartment  temperatures  to  rise.  By 
lo75  seconds  the  engine  compartment  ambient  temperature  had  increased  to  the 
redline  value  of  250®F.  The  high  temperature  automatically  initiated  engine 
cutoff  at  1.77  seconds,  shutting  down  the  sustainer  and  booster  No.  1  engines. 
The  electrical  control  wires  to  the  booster  No.  2  engine  were  severed,  and  it 
continued  to  run  until  the  first  large  thrust  section  explosion  at  5.4  seconds. 
The  fuel  tank  was  apparently  ruptured,  and  intermediate  bulkhead  failure 
probably  occurred  during  this  period.  At  6.3  seconds  the  final  large  explosion 
completed  the  destruction  of  the  missile,  ser-siee  tower,  and  considerable 
ground  equipment.  No  personnel  were  injured. 

Host  of  the  missile  hardware  was  recovered  and  examined.  Investigations  were 
subsequently  conducted  at  Rocketdyne  and  General  Dynamics/Astronautics  (gd/a) 
and  are  reported  in  the  attachments.  GD/a  found  that  even  extreme  interface 
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loads  at  the  sustainer  loz  pttap  iclet  flange  cotild  not  deflect  the  pusp  housing 
enough  to  cause  impeller  rubhicg  (0.0031  inch  inducer  inlet  housing  deflection 
where  the  smallest  impeller  clearance  on  the  IF  loz  pump  impeller  was  approzi-  - 
mately  0.018  inch).  (See  Attaci^m6n^  l) 

GD/A  tested  the  HS  TalYes  cf  £e~eral  missiles  to  determine  representatire  delay 
times  from  the  sustained  engine  igaLtion  start  signal  to  the  first,  indicated 
movement  of  the  HS  valve.  The  HS  valve  on  Missile  75F  was  tested  first.  The 
valve  delay  time  was  about  76  MS.  Additional  valve  delay  testing  appeared 
desirable^  and  2  weeks  later  an  HS  valve  wae  again  tested  on  Missile  75Fy  this 
time  with  more  emphaais  on  obtaining  accurate  data.  Also,  the  HS  valve  had 
been  replaced  by  a  valve  with  a  deeicant  cap  and  improved  sealing  on  the  HS 
valve  idler  bearing  lissembiy.  V'aive  delay  times  averaged  51  MS,  which  was 
close  to  the  42-47  MS  acseptance  test  times  obtained  at  Rocketdyne  (see 
Attachment  2).  HS  valve  delay  tames  were  checked  on  Missiles  86F  and  88F  in 
the  factory  with  reauit'g  averaging  46  MS.  HS  valves  on  Missiles  67E  and  57F, 
at  OSTF-1  and  OSTF-2,  respectively,  had  average  times  of  43  MS.  Data  was 
collected  from  past  firings  at  Sycamore  Stand  SI  (130-150  MS),  Edwards  Rocket 
Base  Stand  1-4  (60-120  MS),  and  Atlantic  Missile  Range  (jUIR)  (30-110  MS).  The 
AMR  data  was  recorded  from  commutated  telemetry  channels. 

Rocketdyne  conducted  engine  teats  to  determine  the  effect  of  various  HS  valve 
delays  on  Ibz  pump  shaft  deflection  (gee  Investigation  of  Failure  of  Atlas 
Missile  IF  During  Static  Test-  Rocketdyne  Report  R-3705) .  A  loz  pump  was” 
modified  so  minimum  impeller  clearance  that  occurred  on  each  test  could  be 
measured.  Liquid  nitrogen  wee  used  is  the  loz  pump  and  RP-1  in  the  fuel  pump. 
The  pumps  were  rotated  by  igniting  the  spin  charge  as  in  a  normal  engine  start. 
Test  results  (corrected  to  ioz  temperatures)  indicated  no  impeller  rubbing  up 
to  150  MS  HS  valve  delay.  Delays  of  150  to  430  MS  could  cause  rubbing  depending 
on  the  amount  of  tolerance  buildup  during  pump  assembly.  HS  valve  delays 
greater  than  430  MS  wculd  always  cause  sobs  loz  impeller  rubbing  on  the  wear 
ring  or  diverter  lip  where  miaimiun  clearances  occur  (approx.  0,017  inch). 

The  HS  valve  on  the  last  test  of  Missile  IF  was  found  to  have  water  and  scaly 
rust  deposits  in  the  idler  shaft  needle  bearing  assembly.  Rocketdyne  conducted' 
HS  valve  tests  to  determine  if  water  and  grit  in  an  IIS  valve  idler  bearing 
cavity  could  effect  IIS  valve  opening.  Liquid  nitrogen  was  used  to  freeze  the 
water.  Test  results  indi rated  the  opening  of  the  HS  valve  would  be  delayed. 

On  one  test  the  HS  valve  did  not  open  at  all. 
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SECYI<:N  5 
CONCLr.^.10^3 

Rocketdyns  tests  shoved  the  delay  in  apruisg  of  the  sustainer  lox  HS  valve  that 
ocsurred  on  the  final  test  of  Uisslie  ^  could  be  sioulated  by  contaainating 
the  idler  shaft  bearing  assembiy  v5.ih  t&rcar  and  grit  similar  to  that  found  in 
the  Uissile  IF  H3  valve  idler  bearii-g  cavity.  Also^  tests  verified  that  the 
HS  valve  delay  time  experienced  the  last  Missile  IF  test  would  always  cause 
rubbing  of  the  loz  impeller  and  wear  ring  or  diverter  lip.  It  was  concluded 
that  the  impeller  rubbing  on  Mis32.1e  IF  started  the  fire  and  led  to  the 
explosion  which  destroyed  the  missile. 

HS  valves  are  being  mcdiiisd  by  Rocketdyne  ECP  MA3-326  which  adds  a  desicant 
plug  to  the  HS  valve  idler  shaft  bearing  cavity.  Also,  ECP  MA3>330  installs 
a  non-combustible  KEL-F  liner  in  the  lox  pump  inlet  adapter  and  wear  ring  area 
to  reduce  the  possibility  of  burning  should  rubbing  occur. 

To  insure  safe  lox  pump  operation.  Rocketdyne  has  recommended  75  MS  as  the 
maximum  allowable  sustainer  lex  HS  valve  delay  time  (time  between  ignition 
start  signal  and  first  valve  movement).  If  a  longer  delay  is  observed,  the 
valve  operation  should  be  investigated  to  determine  the  cause,  possibly 
necessitating  valve  replacement. 
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27  Noveaber  1962 

TO:  Ao  Bo  CoTtf-  Dspiio  360-2 

FROM:  Ho  Ao  Hanterj  Deptc  376-4 

SUBJECT:  Suetainsr  LO^  Pump/lnist  Dusting  Interfasso 

REFERENCE:  GD/a  Aetion  Item  Nso  5  -  STL  Msno  6I01-7855-TC-006,  dated 
12  Osto  ‘62o 


The  purpose  of  this  meac  ia  to  report  the  results  of  the  two  series  of  testa 
which  were  conducted  on  the  tail  aaction  test  stand  concerned  with  interface 
loads  and  deflections  at  the  sastainer  engine  turbo  puapo 

The  first  seriee  of  tests  were  parforsed  with  the  intent  of  measuring  the 
relative  deflection  between  the  impeller  shaft  and  the  inducer  inlet  housing 
aa  a  function  of  “arioug  applied  load  variables o  The  applied  load  variables 
consisted  of  line  pressures ^  inertias ^  temperature;;  manufacturing  tolerances 
and  engine  gimbal  angles^  These  gap  changes  were  determined  by  means  of  a 
Rocketdyne  furnished  "spider  transducer"  which  wag  inserted  into  the  inducer 
housing  to  measure  uhe  relative  moveuent  at  three  points  around  the  circum¬ 
ference  of  the  housingo  The  attached  LO^  gustainer  line  was  subjected  to 
extreme  adverse  positions  along  wi~h  maximum  external  applied  load  in  order 

to  obtain  an  ultimate  gap  change  in  the  area  of  investigation  (RefoFigo  l)o 

The  detailed  teat  prccedure  is  preeeated  ia  Memo  ASA-62-052,  while  the  results 
are  shown  in  Report  27B-IS9S-1„  The  teat  results  indicate  a  maximum  change  in 
relative  deflection  of  <.0031  incheao  This  deflection  had  been  recorded  while 
the  following  applied  load  sources  and  sustainsr  line  conditions  were  present. 

io  Fuel  Duct  pressurized  to  60  psig. 

2.  LOg'Duct  pressurized  to  62  psig. 

3.  Misalignment  of  .50"  in  the  +"x",  +”y"  and  +"z"  directions.  (Max.). 

4.  3  G  inertia  load  in  the  -{-"x"  direction.  (Max.) 

5.  8  G  inertia  load  in  the  +*$"  direction.  (Max.) 

6<i  The  gimbal  block  was  adjusted  .415”  in  the  -”x"  direction  and  .27" 
in  the  -"y"  direction.  (Max.) 

7.  3®  gimbal  angle  in  both  pitch  and  yaw  directions.  (Max.) 

The  resulting  deflection  of  the  inducer  inlet  housing  (.0031")  is  considered 
very  small  without  considering  that  the  applied  simultaneous  loadings  impose 
an  extreme  loading  condition  which  is  hardly  realistic. 
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It  was  further  anticipated  that  the  actual  interface  loads  could  be  measured 
in  this  area  by  means  of  an  Instrumented  Inducer  inlet  adapior,  therefore,  a 
second  series  of  tests  was  initiated  to  accomplish  this  task.  Strain  gages 
were  fitted  to  the  adaptor  in  order*  to  derelop  a  load  cell  transducer  that 
would  measure  (o)  interface  loads  to  the  sustainer  engine  turbo  pxunp.  The 
test  procedure  for  this  phase  of  testing  ia  presented  in  Memo  ASA-60-056. 

As  in  the  first  series  of  testa the  LO^  sustainer  line  was  subjected  to  all 
possible  adverse  positiona  along  with  simultaneous  mazimum  external  loading. 

The  loading  Tariables  were  applied  separately  and  in  increments  with  an  attempt 
to  measure  input  from  each  external  load  contribution.  This  proved  very  un¬ 
successful  ,  since  the  system  displayed  non-repeatability,  and  non-linearity. 
Hysteresis  which  was  present  in  the  mechanical  system  or  sensitivity  in  the 
transducer  circuits  were  aush  that  it  resulted  in  aoa-interpolative  data. 

For  this  reason  it  ig  impossible  to  arrrve  at  a  specific  set  of  compatible 
interface  loads  Which  would  represent  a  particular  missile  flight  condition 
as  is  presented  in  Report  AE66-0811  (Booster  and  Sustainer  Engine  Interface 
Data) « 

Below  is  a  list  of  the  maximiim  interface  loads  recorded  during  various  phases 
of  the  testing.  These  loads  include  the  combined  effects  of  the  variable 
external  inputs,  such  as  manufacturing  tcierancea,  inertia  effects,  engine 
gimbal,  temperature,,  pressure  and  maximum  adjustments  in  the  gimbal  block, 
which  constitute  the  same  criteria  as  when  the  deflection  cf  .0031  inches 
was  recorded.  The  NAii  (Rockstdyne)  furnished  allowable  interface  loads  are 


also 

shown  for  ref~2 

■ 

- 

Maximum  Loads 

Recorded  During  Test 

Maximrun  Loads 

Fa'ojb  Report  AE60-08ii 

(NAA) 

Rocketdyne  Furnished 
Allowable  Loads 

F 

z 

1171 

Ibc 

1168 

iba 

200 

lbs 

F 

y 

432 

lbs 

593 

lbs 

200 

lbs 

F 

z 

701 

iba 

1017 

ibs 

1000 

lbs 

M 

X 

2607 

ia.  lbs 

4793 

in. 

lbs 

3000 

in. 

lbs 

U 

y 

5115 

>.r.o  lbs 

4857 

in. 

iba 

3000 

in. 

lbs 

M 

4056 

in.  lbs 

5083 

2  Ia  o 

ibe 

3000 

in. 

lbs 

z 


The  NAA  allowable  interface  loads  are  indicative  of  a  simultaneous  condition 
whereas  the  recorded  interface  loads  are  maximum  values  which  occurred  during 
different  phases  of  the  test.  A  complete  record  of  the  test  results  are  shown 
in  Reports  2TE*- 1605-1  and  27B' 1623-1.  The  table  above  also  presents  the 
maximum  interface  loads  aa  given  in  Report  AE60-081S.  so  that  a  comparison 
analysis  can  be  made  between  the  two  sets  of  loads  data.  May  it  be  pointed  out 
that  the  test  results  indicate  values  of  approximately  the  same  magnitude  as 
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presented  in  Report  AE60-0811(,  therefore^  the  loads  shown  in  the  prcriously^ 
released  report  will  be  used  for  specific  flight  conditions.  It  is  iapcssible 
to  refine  these  values  any  further  than  already  has  been  accoaplished  in 
Report  AE60-0811j,  using  the  data  obtained  with  the  instruaented  inducer  inlet 
adaptor. 

Recommendations:  Further  investigation  of  subject  area  (Ref.  Pig.  l)  be 

dropped  since  we  are  of  the  opinion  that  the  system 
accomplishes  its  intended  task  satisfactorily  without 
, jeopardising  NAA  hardware. 


/o/  Ho  Ao  Hunter 

Stress  Group  Eng.  (AWS) 


/a/  Co  0»  Ekrem 

Chief  of  Stress  (AWS) 
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SCMUIY  OF  HEAD  SIO>Pa£SSION  VALVE  OPENING  TESTS 


Bf'TieS 
24  Jclj  1992 


Teat  Enlutiac 


Saljcexz  Smmmmxj-  %t  Special  Heae.  Sspprssaisn  VaiTe  Testa  •> 
Misailaa  ?5F,  SiF,  MF,  5?Ex  mni  S7F. 


Ianreaifsatia=s  isitiatcA  fallavic^  tltc  ocstrccti-sz.  ai  Hiaailc  IF  isring  xtmi 
51-213-14-01  •£  13  May  19S2  rcYcalad  xs  aasaaly  cs5.=crai3c  apcziia^  df  ths 
arajrtaiaar  cafiac  hcaA  a^prcaaiaa  (»S)  TaxTC  aa  GD/a  sasfiacted  testa.  The 
accaaaly  iavclaa^.  the  time  istcz-ral  betwcec  aeataiser  ^gise  zgsitian  sigaai 
aai  first  iaAicatcA  ■aaaaieat  af  the  3S  Tmlytm  Sacherdjse  esgise  xeeeptaaee 
test  data  iadicatea  42  ta  47  ■il.Iisesarda  (MS)  fas  this  tine  iatcrral.  MA-3 
aa^^ixe  fixiaca  caadasted  hy  O/a  iedi sated  three  gcaeral  graapa  af  /kT*a 
aa  fallaaas 


Ca|  Syraasre  Teat  Stead  Si 


aysc«9rc  Teat  Staad  S2  ard 
ns  Teat  Siazd  1-4  ('•¥*  Esgzse) 


Plights 


220  -  150  MS 


59  -  SO  MS 


30  -  110  MS 


The  JM  f li^t  data  ia  hclicrcd  ta  se  the  Isaat  rcliahls  das  ts  the  fact  that 
3S  Talas  fiasitias  data  is  xcearded  aa  esaaatated  tslcasizy  chaaaels. 

nqpiaxaiazy  teatieg;  was  imitiated  sa  757  at  Syceoizre  contisred  as  EOF  aad  S8F 
im  the  factazy  sad  ss  57C  at  OtSZF  1  asd  SIF  at  tSST?  2  Is  as  attcapt  ta  defiae 
diffsrsarea  Ixtacex  Srckctd|yc<  aad  SS/a  eats  ar£  tc  deteraiae  the  rcasasa  for 
aay  diffcxsxec. 

Csaslicaiaaa 


1-  15  nralxa  firat  asxcaissit  delay  ia  ssaparabls  ta  that  cs  Sschetdyce  acseptamce 

rzsca  f sr  75Fs  SSF,  S7£  asd  S2F^ 

2.  The  sccMtd  act  of  BS  xalTc  testa  cszdarted  es  73F  hare  established  that 
the  PM  xecordixg;  xystaai  dsea  ast  iatrodese  a  tixe  lag  ia  tsIxs  respsase 
data- 
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3.  The  reason  for  the  prcrioas  S~2  and  origisat  75F  AT  anonaliss  has  not 
heen  determined. 

Test  S2-8BP-01-75  (l  June) 

InTestifstisns  were  begun  utilising  Missile  75F  at  Sycamore  Test  Stand  S-2. 

Four  tests  were  condneted  on  this  miasilej.  two  at  2,000  psig  ground  hydraulic 
pressure  and  two  at  3,000  psig  ground  hydraulic  pressure  (the  pressure  leirel 
msed  in  Sseketdync  testing).  Instrumentation  was  prorided- to  measure  the 
normal  saatainer  ignition  start'  signal  (P1545X),  voltage  at  the  solenoid  in 
the  hydraulic  manifold  (P1124V),  SPGG  ignition  signal  (P10S9V),  opening  (HI408P) 
and  closing  (H1435P)  hy^anlie  pressnre  to  the  HS  ralre,  and  the  HS  valve 
position  (P1S29D).  Also  measured  were  various  additional  hydraulic  system 
pressures  and  prspellant  utilisation  (PU)  valve  parameters.  Each  cf  the  four 
teats  consisted  of  the  application  of  a  start  signal  to  the  system,  opening 
of  the  HS  and  PU  valves,  opening  of  the  gaa  generator  blade  valve,  placing  of 
the  HS  and  PU  valvea  en  control,  removal  of  the  start  signal 'and  cloaing  of 
the  valves. 

Data  from  these  testa  (presented  in  Table  l)  indicated  that  the  AT  from 
start  aignal  te  HS  valve  first  movement  was  80  MS  and  72  MS  at  2,000  peig 
hydraulics  and  70  MS  and  70  MS  at  3,000  psig  hydraulics.  HS  valve  opening  and 
closing  pressnre  data  indicated  that  the  ES  valve  should  have  begun  moving 
approximately  32  MS  prior  to  the  first  recorded  movement.  This  was  established 
by  comparing  tbc  recorded  data  with  data  provided  by  Roekeidyne.  The  Bocketdyne 
data  shoved  that  first  movement  of  the  HS  valfe  corresponded  with  the  initial 
peak  in  opening  pressure  applied  to  the  valve  and  simaltsncouely  with  the  low 
peint  in  closing  pressure  at  the  valve. 

It  should  be  noted  at  this  point  that  the  Missile  75F  AT  data  was  not 
iac.snsistcnt  with  the  previous  test  Stand  S'>'2  data  obtained  daring  the  testing 
ef  Misailca  2E,  6E,  5E,  62E,  33F  and  59F,  at  that  facility.  However,  since 
the  HS  valve  opening  and  closing  pressures  (measured  fer  the  first  time  by 
GD/a  at  a  captive  site),  when  compared  with  the  Rsekeidyrie  furnished  data, 
indicated  a  32  MS  delay  is  HS  valve  response,  it  was  suspected  that  the  FM 
raesrdiag  system  was  respenaihle  for  the  delay  is  seme  unknown  manner. 

To  determine  if  this  was  the  case  the  following  check  was  made:  A  aignal  was 
sirnnltanconsly  inserted  into  two  cireniis  in  the  transfer  room.  One 
circuit  was  fed  directly  to  an  oscillograph  in  the  blockhouse  and  the  other 
circuit  was  routed  threugh  the  lU  system  aud  recorded  on  the  seme  oscillograph 
as  the  first  circuit.  The  difference  in  tins  of  the  receipt  of  the  signal  by 
way  of  the  two  circuits  was  less  than  3  MS. 

An  additional  anomaly  was  observed  in  the  data  recorded  during  these  tests. 

The  FM  system  recording  of  the  start  signal  (F1545X)  was  observed  to  consist¬ 
ently  lag  the  Eaaterline  Angus  pen  (EA)  recording  of  the  same  signal.  The 
values  were  9,  6,  12,  and  10  MS  for  the  four  tests.  The  reason  for  this 
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ansaaij  Aaa  not  been  deierained  as  jet;  hoyert?,  ev^n  if  this  lag  were  applied 
to  the  HS  Talre  first  aoreaent  data  ths  data  still  dois  net  s.oapare  with  the 
Rocketdjne  reanlta. 

Factory  Tests  (15  A  18  Jnne) 

Since  the  test  achednle  of  7SF  in  sapport  cf  "Operation  Shotgun"  precluded 
the  arailabilitj  of  the  aisaile  for  iaaediats  additional  testing  and  since  it 
was  considered  desirable  to  obtaizr  data  concerning  the  ^.T  froa  an  additicnal 
source,  factory  tests  were  scheduled  utilising  Missiles  86F  and  88F  on  the  line 
The  tests  consisted  of  the  application  of  a  287  DC  source  is  the  solenoid  in 
the  hydraulic  aanifold  with  2,000  psig  and  3,000  psig  ground  hydraulic  preS" 
sure  in  the  systea,  as  indicated  in  Table  II.  Inetrnsentation  was  proridcd  to 
record  the  28V  signal  (P1124V)  application  and  the  HS  waive  position  (P1529D) 
only.  Ths  data  were  recorded  on  an  oscillographic  recorder  (CEC).  Data  frsa 
these  tests  coapared  closely  with  the  Rocketdjne  acceptance  test  figures. 

Additional  75F  Teats  (21  June) 

Since  schedule  slippage  provided  the  cpportuaiiy  for  additional  tests  on  75F 
and  since  the  results  of  the  factory  testa  indicated  the  desirability  of 
additional  tests  on  this  aissileji  a  test  forsat  siailar  to  that  of  1  June  was 
established.  In  the  tiac  interval  between  1  and  21  June  the  HS  valve  on  this 
aissile  had  been  replaced  by  one  incorporating  the  desieant  cap  on  the  idler 
shaft  and  double  shaft  seals. 

Icstruasntation  was  provided  at  Stand  S^2  to  record  the  noraal  ignition  start 
signal  (P1545X),  voltage  at  the  solenoid  in  the  hydraulic  aanifold  (P1124V), 
closing  pressure  to  the  HS  valve  (Hi435P)j  and  the  HS  valve  position  (?i529D). 

Since  the  FV  recording  systea  was  still  auapsct  as  a  contributing  factor  to 
the  anoaalons  A  T,  provision  was  aade  to  record  the  data  on  a  CEC  recorder 
located  at  the  test  stand  for  the  first  series  of  tests.  For  the  next  series 
of  tests  the  CEC  recorder  was  located  in  the  blockhouse,  and  on  the  last  series 
of  teats  data  was  recorded  by  way  of  the  FM  systen.  Each  series  of  tests 
consisted  of  several  valve  actuations  at  both  2^000  psig  and  3,0GC  psig  ground 
hydraulic  systea  pressure. 

The  results  of  these  testa  indicated  that  the  FU  systea  did  not  contribute  a 
tiae  lag  to  the  recorded  data»  All  AT’e  agreed  cioeeiy  with  the  Rocketdyne 
acceptance  test  data  and  the  86F  and  88F  data^* 

The  venting  of  HS  valve  closing  pressure  to  return  was  followed  within  1  to  2 
US  by  first  valve  aoveaent  on  the  CEC  rscordc  and  within  8  to  13  i(S  on  the  FM 
recorded  data.  Table  III  presents  the  results  of  each  series  of  testa. 

Since  the  HS  valve  had  been  replaced  between  the  series  of  tests  on  this 
aissile,  a  check  was  aade  to  deteralne  if  the  AT  data  differences  were  due 
to  an  HS  waive  position  potentioaeter  anoaaly^  The  resistance  of  the  potenii- 
oae-ter-  on  the  original  HS  valve  wae  aeasured  and  was  found  to  be  within 
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accuaulatcd  on  this  second  set  of  75F  tests  again^  indicated  that  the  £A 
recording  ox-  the  igni-tiaa  signal-  2*d- the  =P1»' i-ecerdihg  of  it  by  froa  1  to  11  MS. 

In  addition^  it  was  ohserred  that  ths  EA  recos-ding  of  the  signal  also  led  the 
CEC  recording  except  for  tvo  instances.  In  one  of  the  19  tral—e  actnations 
recorded  bj  CEC  the  EA  recording  of  the  start  signal  lagged  the  CEC  recording 
by  1  US  and  in  one  instance  occurred  siBsItaneouaiv  vith  it.  In  the  renaining 
17  tests  the  EA  recording  led  the  CEC  recording  by  from  S  to  24  US. 

Additional  Data 

Rocketdyne  inreatigationa  since  the  deatruction  of  Uissile  IF  on  Test  SI<°6I3-14-01 
haTe  established  that  ah  HS  Talve  opening  delay  in  excess  cf  75  US  could  lead 
to  rubbing  of  the  stationary  and  rotating  internal  parts  of  the  lox  puap.  To 
insure  that  the  AT  between  firing  signal  and  first  KS  waive  aoveaent  was  less 
th«i  this  TsluS}  tests  were  conducted  on  Uissiles  6?£  (on  26  June)  and  57F  (on 
23  June),  the  next  uissiles  scheduled  for  launch  at  OSTF  I  and  2,  respectirely. 

The  testa  were  conducted  using  <^9000  psig  hydraulic  pressure  and  provision  rae 
■ade  to  record  the  HS  tsIts  position  and  firing  signal  only.  The  data  were 
recorded  siaultaneonsly  on  a  CEC  recorder  and  the  FU  syatea.  The  results  of 
these  tests  coupared  very  well  with  the  Rseketdyne  acceptance  test  data.  There 
were,  no  significant  differences  noted  between  the  AT'c  as  indicated  by  each 
recording  systea.  The  67E  and  57F  teat  results  are  tabulated  in  Table  IV. 

Cheeks,  ef  this  nature  are  also  planned  on  'the  following  3Bis3.ile3  prior  to  their 
respectiTc  launch:  SdE,  7F,  SF,  iOF,  13Fs  14?,  I6F9  2iF  and  87?.  In  the  event 
that  any  of  these  tests  indicate  a  AT  in  excess  of  75  US,  provision  has  been 
aade  to  conduct  tests  to  deteraine  the  cause. 

A  hot  firing  test  of  Uissile  75F  was  conducted  on  3  July,  Test  S2-'60i-A2-75o 
The  scheduled  firing  durations  were  not  achlevedj  however,  apprcxiaately  35 
seconds  of  aainstsgc  engine  operation  was  obtained.  HS  valve  data  recorded  on 
this  firing  test  indicated  a  AT  between  stast  signal  and  first  valve  notion 
of  54  US  via  CEC  recording  and  60  MS  via  FM  recording.  These  tines  cozpare 
favorably  with  the  21  June  test  results  on  75F  (no  lox  aboard  missile)  in 
which  HS  valve  first  aovenent  average  times  of  49  IIS  and  52  MS  were  recorded 
on  the  blockhouse  CEC  and  FM  system  respectively. 

Voltage  at  the  control  solenoid  (Pli26V)  during  this  test  was  measnred  at 
29.2  V  DC  and  on  the  ignition  start  signal  measurement  {Pi099V)  as  29.6  VDC. 

There  were  no  voltage  oscillations  or  dropouts  indicated  by  these  measurexents 
during  the  firing. 

Prepared  by  /»/  D.  W.  Heaiy 

Approyed  by  /s/  H.  P«  Eldridge 
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ATTACHMENT  5 

SUSTAINER  LOX  PUMP  INLET  RACO  SEAL  EXPLOSION  TESTS  - ^POINT  LOMA 


TO:  Distribution 

FROM:  Propulsion  Design 

lo  Project  Office  request  dated  23  April  1962  requested  a  program  to  investi¬ 
gate  the  cause  of  the  RACO  seal  failure  in  Missile  llFo 

2e  Test  Lab  request  dated  8  May  1962  to  perioi'm  seal  explosion  test  on 
simulated  duet  filled  with  loxo 

3.  Three  teats  were  performed  at  GD/a  Point  Lama  on  9  June^  20  June  and 
26  June  1962.  Results  are  summarized  in  Test  Lab  Report  27B  1594-1 
dated  16  October  1962.  Data  is  tabulated  in  Teat  Lab  Report  27-1601-1. 

A.  Test  Conditions 

Simulated  sustaiuer  low  pressure  iox  duct  approximately  5  ft  long 
with  one  bellows  section  and  a  susiainer  lox  pump  inlet  Raco  seal 
at  the  explosive  end.  Varying  amounts  of  Pentaerythritcl  Tetranitrate 
(PETN)  sheet  explosive  were  placed  in  the  Raco  seal  end  of  the  duct 
which  was  closed.  The  duct  assembly  was  filled  with  lox.  These 
conditions  simulated  the  liF  suatainsr  lox  system  with  the  lox  pump 
originating  the  explosion.  The  top  of  the  duct  was  open  and  used 
for  observation  to  assure  being  full  of  lox. 

Bo  Hardware  Test  Results 

Of  three  explosions  detonated  the  one  with  8  square  inches  x  J4" 
thick  of  PETN  most  nearly  simulated  the  liF  hardware  damage  and  data 
traces.  The  duct  bellows  section  was  destroyed  and  the  Raco  seal  was 
blown  out  of  the  seal  groove.  The  teflon  part  of  the  seal  was  torn 
into  many  pieces.  The  steel  backup  ring  had  an  approximate  1  inch 
piece  missing. 

Co  Test  Data  Analysis 

Four  pressure  transducers  were  installed  for  the  test.  One  was  a 
direct  mounted  Statham  0-2000  psig  with  a  .05  inch  orifice.  This 
orifice  was  installed  after  the  transducer  was  ruined  on  the  first 
test  when  the  pressure  rose  past  2000  psig  in  one  millisecond.  The 
other  three  transducers  were  Bourns  flight  type  0-1000  psia  with 
tubes  and  checkout  shuttle  valves  simulating  flight  configuration 
for  measurements  P337Ps,  P352P  and  P987P. 

The  direct  mounted  transducer  peaked  1070  psig  at  3  milliseconds  after 
explosion  start  and  to  a  maximum  peak  of  1165  paig  at  8  miiliaeconds. 
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The  P351P  transducer  peaked  to  370  paig  at  &  siliiseconds  after 
explosion  start,  and  the  P967P  transducer  peaked  to  54S  psig  at  6 
Milliseconds.  The  P337P  transducer  failed.  The  pressure  decays  to 
20^  of  their  peak  value  occurred  by  an  average  18  Milliseconds 

after  explosion  zero. 

This  data  is  hot  comparable  with  IIF  flight  data  as  the  time  between 
coHHutated  data  segments  is  15~20  Killieeconds.  Typical  ilF  rise 
timer  between  explosion  zero  and  peak  pressure  Is  18  milliseconds  and 
decay  time  between  peak  pressure  and  20^  of  peak  pressure  is  28 
milliseconds. 

Conclusion 

This  test  showed  that  with  a  eimulated  sustainer  lox  pomp  explosion^  the 
pump  iniet  Raco  seal  and  duct  bellows  would  fail  in  a  manner  similar  to 
IIF.  The  test  data  is  similar  in  appearance  to  IIF  data  with  approximately 
.twice  as  fast  response.  The  damage  to  the  duct  bellows  and  Raco  seal  back¬ 
up  ring  were  very  similar  to  IIF.  The  Raco  seal  teflon  insert  incurred 
only  slight  damage  on  llF,  while  is.  this  test  it  was  blown  out  of  the  duct. 


Prepared  by;  J.  Prescott 
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